Summary. Several mechanisms that could contribute to the periodontopathogenic potential of Eubacterium yurii were investigated. All 18 strains examined produced RNAase and the metabolites H2S, indole and butyrate. Some strains produced phosphatase and DNAase. Methanol extracts of whole cells of E. yurii subspp. yurii and margaretiae stimulated bone resorption in vitro comparable to that produced by recognised periodontal pathogens. These results suggest that further studies should be performed to elucidate the role of E. yurii in periodontal disease.
Introduction
Periodontal diseases are characterised by gingival oedema and infiltration of inflammatory cells with the ultimate loss of gingival attachment and destruction of the supporting alveolar bone. The role of plaque bacteria in these tissue destructive processes is an area of intense investigation. The isolation and characterisation of the subgingival plaque bacteria, the elucidation of their pathogenic potential, together with their ecological interrelationships and associations with specific oral disease remain important goals of periodontal research. 1 9 2 9 3 9 4 9 5 Among the bacteria strongly suspected as aetiologic agents of periodontitis are the black pigmented Bacterioides species (B. gingivalis, B. intermedius). 5 9 6* ' However, it is recognised that other micro-organisms in pure or mixed culture may be associated with destructive periodontitis. '* Brush-like bacterial aggregates of several types have been observed at sites of periodontal disease by direct microscopic observation of subgingival dental plaque.89 Recently, Margaret and Krywolap''. l 1 isolated 18 strains of an unusual anaerobic organism that formed three-dimensional brush-like arrangements of cells (figure) from subgingival plaque of patients with chronic adult periodontitis. Based upon biochemical profile, these bacteria belonged to the family Propionibacteriaceae ; however, morphological, serological, electrophoretic and genetic studies placed them into the new species Eubacterium yurii." E. yurii is a gram-positive, motile, anaerobic rod that forms unusual three-dimensional aggregates resembling "test-tube brushes (TTB)". Based upon phosphatase and saccharolytic activities, serological cross reactivity, protein electrophoretic patterns and DNA homology, three subspecies of E. yurii were distinguished-yurii, margaretiae and schtitka, exhibiting 50-60% DNA-DNA homology. lo-'' Since these organisms were isolated from periodontal sites of active disease, it was decided to investigate various aspects of their pathogenic potential.
Materials and methods

Bacterial strains
Eighteen strains of Eubacterium yurii were isolated from subgingival dental plaque of randomly selected subjects attending the postgraduate periodontal clinic at the University of Maryland Dental School, as previously described. lo The extent of chronic adult periodontitis at sampled sites was characterised by percentage bone loss (estimated radiographically), pocket depth (measured by a periodontal probe) and by the number of cfu of blackpigmented Bacteroides spp. isolated. Gingival bleeding and oedema were usually present at the sampled sites. Cultures were grown at 35°C in Schaedler Broth (BBL Microbiology Systems) in an anaerobic chamber with an atmosphere of N2 85%, C 0 2 5%, H2 10% and stored at 
Reagents
Unless specified otherwise, reagents and chemicals were obtained from Sigma Chemical Corp., St Louis, MO.
Cytotoxic metabolites
Indole production and H,S formation were detected in supplemented Sulfide-Indole-Motility (SIM) Medium. '
Production of volatile and nonvolatile fatty acids by E. yurii strains was detected and identified by the methods of Holdeman and Moore. l 2 Culture extracts and standard fatty acid solutions (Supelco) were analysed with a gas chromatograph (Packard, model 428) equipped with a column of H3P04 1% and SP-1000 lOO/l20 mesh chromosorb (Supelco), flame ionisation detector (Packard model 901) and chart recorder (Packard).
Assays of hydrolytic enzyme activity
DNAase, RNAase and phosphatase activities were detected by incorporating salmon DNA 0.2%, Torula RNA 0.2% or phenolphthalein diphosphate 0.01 % into Schaedler agar supplemented with vitamin K and haemin.12 Plates were spot inoculated with 48-h broth cultures and incubated anaerobically for 48 h. DNAase and RNAase plates were flooded with 1 N HCl and clear zones surrounding the colonies were interpreted as a positive result. Phosphatase plates were exposed to fumes of concentrated NH40H for 5 min; development of a bright pink colour within colonies indicated phosphatase activity.
Bioassay for stimulation of bone resorption
Preparation of extracts. Extracts of the following strains of E. yurii were prepared: subsp. yurii SM21 and SM14, subsp. rnargaretiae SM65 and subsp. schtitka SMN. Strains were grown in 100 ml of Schaedler broth for 72 h at 37°C in an atmosphere of N2 85%, H2 lo%, C 0 2 5%. The cells were harvested by centrifugation (10 000 g for 10 min at 4°C) and washed three times in 0.01 M phosphate buffer, pH 7.2, containing 0.15 M NaCl (PBS). Toprepare crude extacts for the bone resorption bioassay, whole cells or 100 ml of culture supernate or 100 ml of uninoculated broth were mixed with absolute methanol (1 :8, v:v), heated for 30 min at 60"C, cooled to room temperature and then refrigerated (4°C) overnight. The resulting precipitates were harvested by centrifugation and resuspended (1 :4, v:v) in distilled water. The suspensions were centrifuged (1 0 000 g for 10 min at 4°C) to pellet cell debris and other undissolved material and the supernatant fluids were lyophilised and stored at -20°C until used for the assay. Protein and total carbohydrate concentrations of the lyophilised whole cell extracts of strains SM21 and SM65 were determined by the Biuret method and anthrone reaction, respectively. l 3
Bone resorption bioassay. In-vitro bone resorption assays were performed by the technique described by Heath et al. l4 Briefly, on the eighteenth day of gestation, SpragueDawley rats were given intraperitoneal injections of 200 pC of 45CaC12 (New England Nuclear). After 16 h the rats were killed by C 0 2 and the fetuses were removed aseptically. The forelimbs of each fetus were amputated and the bony diapheses of the radial and ulnar bones were dissected free of muscle, connective tissue and the cartilagenous epiphyses. Care was taken to avoid crushing or cracking the bones. The four bones thus obtained from each fetus were placed separately into four wells of a 24-well tissue culture plate containing supplemented BGJb medium (Grand Island Biologicals, New York State, USA). For the internal standardisation of the procedure, it was arranged that from a given fetus, one pair of bones (i.e., one radius and one ulna) received a given test substance and the second pair was the corresponding control. The bones from at least two fetuses were used for each concentration of each sample tested. After a 24-h equilibration period at 37°C in C 0 2 5% in air at 100% humidity, the culture medium was aspirated from each well and immediately replaced with 125 pl of supplemented BG Jb medium and an equal volume of a methanol extract in PBS. After incubation for 120 h, the culture medium from each well was removed and the amount of 45Ca released from each bone was determined by liquid scintillation spectrophotometry. The bones were then decalcified in trichloroacetic acid 5% and the amount of residual 45Ca in each bone was determined. The percentage of 45Ca released from each bone was calculated and a test/control (T/C) percentage release ratio was determined. T/C ratios > 1 indicated stimulation of bone resorption. Statistical significance was assessed by the two-tailed Student's t test.
Results and discussion
The results presented in table I suggest that the presence of E. yurii subsp. margaretiae may be associated with more advanced periodontal lesions, on the basis of their association with deeper periodontal pockets, a higher degree of bone loss, and the isolation of higher numbers of blackpigmented Bacteroides species from the sampled sites. Similarly, E. yurii subsp. yurii seemed to be associated with less advanced periodontitis.
All E. yurii strains gave strongly positive results in tests for H2S and indole production. All produced butyrate at concentrations > 1 mEq/ml with lesser amounts (c 1 mEq/ml) of acetate and propionate.
No nonvolatile fatty acid products were detected. All strains were RNAase positive. E. yurii subsp. yurii strain CSF was strongly DNAase positive. All strains of subsp. yurii were phosphatase positive ; strains of subsp. margaretiae and subsp. schtitka were phosphatase negative.
Methanol extracts of sterile, uninoculated Schaedler broth (control for culture medium) and the extract from whole cells of E. yurii subsp. schtitka (strain SMN) failed to release 45Ca from fetal bone. Culture filtrate extracts of the other two subspecies failed to produce statistically significant results at high concentrations. However, as indicated in table 11, the extracts of whole cells of E. yurii subsp. yurii and subsp. margaretiae did stimulate significant bone resorption with the latter subspecies displaying stronger activity. Values were significant, p < 0.05 for t 2 2.447.
The SM21 extract contained protein 62% and carbohydrate 36-7%, and SM65 extract protein 27.5% and carbohydrate 70.4%.
Although the association of specific microbial populations with periodontal diseases remains controversial,2 the presence of increased numbers of black-pigmented Bacteroides species has, nevertheless, been correlated positively with the extent of chronic adult periodontal disease at a Therefore, a direct relationship between the presence of high numbers of black-pigmented Bacteroides and other indicators of disease, and the presence of E. yurii subspecies would suggest a role for the latter organisms as periodontopathogens. E. yurii was isolated from shallow (4-6 mm) as well as deep (9-10 mm) periodontal pockets. The data in table I suggest that E. yurii subsp. margaretiae could be associated with more advanced periodontal lesions. This subspecies was isolated from deep periodontal pockets with a high percentage of bone loss and high numbers of black-pigmented Bacteroides at the sampled sites. Although the effects of microbial metabolites upon host tissues in vivo remain poorly understood, demonstration of cytotoxic or destructive mechanisms would lend further credence to the pathogenic potential of these organisms. All strains of E. yurii produced three recognised cytotoxic metabolites-H2S, indole and butyrate; hydrolytic enzymes such as DNAase, RNAase and phosphatase were also detected, implying another role for the organisms in the periodontal disease process.39 l 5 Significant bone resorptive activity of methanol extracts of whole cells of two subspecies of E. yurii was demonstrated in vitro (table 11) . A moderate level of bone resorption was stimulated by E. yurii subsp. yurii. The strongest response, produced by subsp. margaretiae, appears to be comparable to the activities of lipopolysaccharide (LPS) fractions of recognised gram-negative periodontopathogens. In a mouse calvaria model, both Haemophilus (Actinobacillus) actinomycetemcomitans and Capnocytophaga ochraceus LPS preparations displayed significant activity at concentration was low as 10 pg/ml, whereas purified B. gingivalis LPS stimulated bone resorption at 0-1 pg/ml. l6 Resorption of bone in response to gram-positive bacteria has been demonstrated previously in vitro with a methanol extract of E. brachy. l 7 Furthermore, lipoteichoic acid (LTA) from oral gram-positive bacilli has been shown to stimulate the release of 45Ca from cultured fetal rat bones'* and the release of lysosomal enzymes from rat macrophages. l 9 These results suggest that the mode of action of LTA on bone could be indirect, requiring host factors as intermediates.
Our studies suggest that E. yurii, especially subsp. margaretiae, could contribute to the periodontal disease process by producing lytic enzymes and cytotoxic metabolites and by stimulating bone resorption. The various levels of bone resorptive activity expressed in vitro by the three subspecies correlated with traditional indices of periodontitis, i.e., pocket depth, bone loss and the presence of high numbers of black-pigmented Bacteriodes species at the site. Based upon these preliminary findings, further studies are indicated. Regardless of the periodontopathogenic nature of these organisms, the role of E. yurii in the peridontal pocket is worthy of investigation. The contribution of these organisms to plaque organisation and structure, and their effects upon inflammatory cells are among the areas that should be further investigated.
